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1. General Information

Unless otherwise noted, all reactions were carried out under an atmosphere of nitrogen using standard
Schlenk techniques. Materials were purchased from commercial suppliers and used without further
purification. Anhydrous cyclohexane and THF was freshly distilled from sodium. 'H NMR, *C NMR,
F NMR and *'P NMR, spectra were recorded on 400, 500, 600 and 700 MHz spectrometer. The
chemical shifts for 'H NMR were recorded in ppm downfield from tetramethylsilane (TMS) with the
solvent resonance as the internal standard. The chemical shifts for *C NMR were recorded in ppm
downfield using the central peak of deuterochloroform (77.16 ppm) as the internal standard. Coupling
constants (J) are reported in Hz and refer to apparent peak multiplications. HRMS were obtained on an
ESI-TOF mass spectrometer. Flash column chromatography was performed on silica gel (300 — 400 mesh)

and basic aluminum oxide (200 — 300 mesh).

2. Optimization of the Reductive Phosphonylation of Tertiary Amides

Table S1 Screening of Catalyst and Solvent

TMDS (1.5 equiv) OEt
o} -BuOK (0.1 equiv) O[Si] 1)HPO(OEL), (2a, 2.0 equiv) O=P—OEt
: I N cyclohexane (3 mL) -~ N Catalyst, Solvent, 25 °C, 3 h= >
| 35°C,6h [ 2)work up |
1a hemiaminal 3aa
Yield (%)
Entry Catalyst Solvent (°C) Conv. (%) 1ab
1 Al(OT1)s Cyclohexane >99 76
2 Al(OPri); Cyclohexane >99 78
3 AlBr; Cyclohexane >99 82
4 FeCls THF >99 74
5 FeCls MTBE >99 84
6 FeCls DCM >99 80
7 FeCls Toluene >99 77
8 FeCls DMF >99 50

General reaction conditions: 1a (1.0 mmol, 149.2 mg, 1.0 equiv), t-BuOK (0.1 mmol, 11.2 mg, 10 mol%), TMDS
(1.5 mmol, 201.5 mg, 1.5 equiv) and cyclohexane g .0 mL), 35°C, 6 h. Then added 2a (2.0 mmol, 220.1 mg, 2.0
eqzuw%, catalyst (20 mol%), solvent (3 mL), 25 <C, 3 h, conversion and )éleld were determined by GC analysis with
1,2,4,5-tetramethylbenzene as internal standard; reaction was quenched by saturated NaHCOs solution.

3. Mechanistic Investigations

Figure S1 'H NMR Experiments
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4. Reductive Phosphonylation of Tertiary Amides

4.1 Experimental Procedures

TMDS (1.5-5.0 equiv) ) 4
o t-BuOK (0.1 equiv) o[Si] 1) HPO(R?), ( 2a, 2.0 equiv) FI{
lJ\ ) cyclohexane/THF (3 mL) J\ R2 FeCls (20 mol%), 25°C,3h O=P-R*
1 - > | R ON” _R2
RTN 35°C,6h ' 2) work up RION
R3 R e
1a hemiaminal 3aa

To the mixture of amides 1 (1.0 mmol, 1.0 equiv.) and -BuOK (0.1 mmol, 11.2 mg, 0.1 equiv.) in
cyclohexane (3.0 mL) or THF (3.0 mL), was added TMDS (1.5 mmol, 201.5 mg, 0.1 equiv) (the
equivalent of TMDS may be adjust on the structure of amides which was shown in Scheme 2) slowly
under an atmosphere of nitrogen. The reaction mixture was stirred at 35 °C under an atmosphere of
nitrogen. After the amides was consumed completely (detected by TLC), the reaction mixture was cooled
to room temperature, and HPOR; (2, 2.0 mmol, 2.0 equiv) was added and stirred for 15 min at room
temperature, and then FeCl; (0.2 mmol, 32.4 mg, 0.2 equiv) was added. After the mixture was stirred for
3 h at 25 °C, the reaction mixture was quenched by adding saturated NaHCOs3 solution (2.0 mL). The
mixture was filtrated with celite, and the solid was washed with Et,O (5.0 mL) and water (10.0 mL) in
sequence. The aqueous phase of the filtrate was extracted with Et,O (5.0 mL x 3). The combined organic
phase was washed with brine and dried over Na,SO4. After removing the solvent under vacuum, the
residue was purified by column chromatography (silica gel or basic aluminum oxide) to give the product
3.

Specially: In the case of HPOR; as a solid, HPOR; was dissolved in DCM (2.0 mL) and then added into

the reaction mixture.
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4.2 Characterization of the Products

?Et
O=P-OEt

N/

Diethyl ((dimethylamino)(phenyl)methyl)phosphonate (3aa): colorless oil, 187 mg, 78% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6: 1 and 1% Et;:N);
"H NMR (400 MHz, CDCls): 6 7.46 — 7.32 (m, 5H), 4.20 — 4.14 (m, 2H), 3.94 — 3.88 (m, 1H), 3.77 (d, J
=21.2 Hz, 1H), 3.67 — 3.61 (m, 1H), 2.35 (s, 6H), 1.32 (t, J = 6.8 Hz, 3H), 1.03 (t,J = 7.2 Hz, 3H); '3C
NMR (100 MHz, CDCl;): 6 132.6 (d, J=1.7 Hz), 130.5 (d, J=8.3 Hz), 128.1, 128.0 (d, /=1.7 Hz), 68.3
(d, J=159.8 Hz), 62.4 (d, J =7.2 Hz), 43.8 (d, J =9.5 Hz), 16.4 (d, J =5.7 Hz), 16.1 (d, J =5.6 Hz); 3'P
NMR (162 MHz, CDCl3): 6 22.8; HRMS — ESI (m/z): [M + H]" called for Ci3H23NOsP, 272.1410, found
272.1420.

QEt
O=P-OEt

N/

FsC |

Diethyl ((dimethylamino)(4-(trifluoromethyl)phenyl)methyl)phosphonate (3ba): colorless oil, 253
mg, 75% yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:
1 and 1% Et;N); 'H NMR (400 MHz, CDCls): § 7.63 — 7.58 (m, 4H), 4.23 — 4.14 (m, 2H), 3.99 — 3.93
(m, 1H), 3.84 (d, J=20.8 Hz, 1H), 3.82 — 3.72 (m, 1H), 2.37 (s, 6H), 1.33 (t, J = 6.8 Hz, 3H), 1.09 (t, J
= 7.2 Hz, 3H); 3C NMR (125 MHz, CDCl;): § 137.2, 130.8 (d, *Jcr = 8.1 Hz), 130.3 (q, °Jcr = 32.7
Hz), 125.1 (q, *Jcr=3.7 Hz), 124.2 (q, 'Jc.r = 270.4 Hz), 68.0 (d, 'Jc.p = 159.6 Hz), 62.9 (d, 2Jcp=7.0
Hz), 62.5 (d,%Jc.p=7.0 Hz), 43.9 (d, 3Jc.p = 9.4 Hz), 16.5 (d, *Jc.p = 5.7 Hz), 16.2 (d,’Jc.p = 5.7 Hz); *'P
NMR (162 MHz, CDCls): § 21.8; °F NMR (376 MHz, CDCl;): § -62.6 (d, J = 1.9); HRMS — ESI (m/z):
[M + Na]" called for Ci4H2FsNO3NaP, 362.1103, found 362.1107.

(I)Et
O=P-OEt

N/

Diethyl ((dimethylamino)(p-tolyl)methyl)phosphonate (3ca): colorless oil, 220 mg, 77% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6: 1 and 1% Et;:N);
'H NMR (400 MHz, CDCls): 6 7.33 (d, J = 7.6 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 4.22 — 4.12 (m, 2H),
3.97-3.87 (m, 1H), 3.75 (d, J=21.6 Hz, 2H), 3.70 — 3.62 (m, 2H), 2.33 (s, 9H), 1.32 (t, /= 7.2 Hz, 3H),
1.05 (t, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls): § 137.8, 130.6 (d, J = 8.5 Hz), 129.4, 128.9, 68.0
(d, J=160.0 Hz), 62.5 (d, J= 7.1 Hz), 43.9 (d, /= 9.6 Hz), 21.3, 16.6 (d, /= 5.5 Hz), 16.3 (d, /= 5.6
Hz); 3'P NMR (162 MHz, CDCI;): & 23.0; HRMS — ESI (m/z): [M + Na]" called for C4H24NO3;NaP,
308.1386, found 308.1389.
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OIEt
O=P-OEt

N/

|
MeO

Diethyl ((dimethylamino)(4-methoxyphenyl)methyl)phosphonate (3da): colorless oil, 207 mg, 69%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:1 and 1%
Et;N); 'H NMR (400 MHz, CDCls): 8 7.39 — 7.36 (m, 2H), 6.89 — 6.87 (m, 2H), 4.20 — 4.14 (m, 2H),
3.95-3.89 (m, 1H), 3.77 (s, 3H), 3.74 (d, J=21.6 Hz, 1H), 3.70 — 3.63 (m, 1H), 2.32 (s, 6H), 1.33 (t, J
= 6.8 Hz, 3H), 1.06 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl5): § 159.4 (d, J = 1.7 Hz), 131.8 (d,
J=28.5Hz), 124.2, 113.5, 67.4 (d, J=160.7 Hz), 62.52 (d, /= 6.9 Hz), 62.47 (d, J="7.2 Hz), 55.2, 43.7
(d,J=9.3 Hz), 16.5 (d, J= 5.7 Hz), 16.3 (d, J = 5.5 Hz); 3'P NMR (162 MHz, CDCl;): 8 23.1; HRMS —
ESI (m/z): [M + H]" called for C14H25sNO4P, 302.1516, found 302.1516.

(I)Et
O=P—-OEt

MeO N/

Diethyl ((dimethylamino)(3-methoxyphenyl)methyl)phosphonate (3ea): colorless oil, 214 mg, 71%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:1 and 1%
Et;N); 'TH NMR (400 MHz, CDCl): 8 7.28 — 7.24 (m, 1H), 7.05 — 7.03 (m, 2H), 6.89 — 6.86 (m, 1H),
423 —4.13 (m, 2H), 3.99 — 3.89 (m, 1H), 3.82 (s, 3H), 3.75 (d, J=20.8, 1H), 3.71 — 3.63 (m, 1H), 2.37
(s, 6H), 1.33 (t, J = 6.8 Hz, 3H), 1.08 (t, J= 7.2 Hz, 3H) '*C NMR (100 MHz, CDCl;): § 159.4, 134.3,
129.0,123.0 (d, J=8.4), 115.8 (d, /= 8.3), 113.7 (d, /= 1.8), 68.6 (d, J= 159.5), 62.6 (d, J = 7.0), 62.5
(d,J=17.0),554,44.1 (d,J=9.4), 16.6 (d, J = 5.8), 16.4 (d, J = 5.5); 3P NMR (162 MHz, CDCl5): §
22.8; HRMS — ESI (m/z): [M + H]" called for C14H2sNO4P, 302.1521, found 302.1512.

(I)Et
O=P-OEt

N/

Diethyl ((dimethylamino)(o-tolyl)methyl)phosphonate (3fa): colorless oil, 203 mg, 75% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6: 1 and 1% Et:N);
'H NMR (400 MHz, CDCls): § 7.74 — 7.72 (m, 1H), 7.18 — 7.14 (m, 3H), 4.17 — 4.04 (m, 2H), 3.98 (d, J
=19.2 Hz, 1H), 3.84 —3.77 (m, 1H), 3.45 — 3.38 (m, 2H), 2.37 (s, 6H), 2.34 (s, 3H), 1.30 (t, /= 6.8 Hz,
4H), 0.97 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls): 6 137.5 (d, J= 9.9 Hz), 133.1, 130.5, 130.2
(d,J=4.2 Hz), 127.8 (d, J=2.4 Hz), 126.0 (d, /= 2.4 Hz), 63.8 (d, /= 155.6 Hz), 62.8 (d, /= 7.0 Hz),
62.0 (d, J=7.5 Hz), 44.6 (d, J = 9.4 Hz), 20.3, 16.6 (d, J= 6.0 Hz), 16.3 (d, J= 5.6 Hz); 3'P NMR (162
MHz, CDCl3): 6 23.9; HRMS — ESI (m/z): [M + Na]" called for Ci4H4sNO3sNaP, 308.1386, found
308.1385.
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Diethyl ((dimethylamino)(naphthalen-1-yl)methyl)phosphonate (3ga): colorless oil, 199 mg, 62%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=4:1 and 1%
Et;N); 'H NMR (400 MHz, CDCls): § 8.23 (d, J = 8.4 Hz, 1H), 8.01 (d, J= 7.6 Hz, 1H), 7.88 — 7.82 (m,
2H), 7.56 — 7.46 (m, 3H), 4.67 (d, J =20.4 Hz, 1H), 422 — 4.11 (m, 2H), 3.81 — 3.75 (m, 1H), 3.41 —
3.34 (m, 1H), 2.45 (s, 6H), 1.32 (t,J = 7.2 Hz, 3H), 0.83 (t,J= 7.2 Hz, 3H); '3C NMR (100 MHz, CDCl;):
8 134.0, 132.9 (d, J=9.7 Hz), 129.7, 129.0, 128.9 (d, J = 2.2 Hz), 128.8 (d, /= 5.7 Hz), 126.5, 125.7,
125.1 (d,J=2.4 Hz), 123.6, 62.8 (d, J=7.1 Hz), 62.4 (d, J="7.3 Hz), 44.4 (d, /= 8.7 Hz), 16.5 (d, J =
5.8 Hz), 16.1 (d, J= 5.5 Hz); 3'P NMR (162 MHz, CDCl):  23.7; HRMS — ESI (m/z): [M + Na]" called
for C17H24NO3NaP, 344.1386, found 344.1388.

(I)Et
O=P-OEt

F

Diethyl ((dimethylamino)(4-fluorophenyl)methyl)phosphonate (3ha): colorless oil, 218 mg, 76%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=5:1 and 1%
Et;N); 'TH NMR (400 MHz, CDCl3): 8 7.47 — 7.43 (m, 2H), 7.07 — 7.03 (m, 2H), 4.23 — 4.14 (m, 2H),
3.96-3.90 (m, 1H), 3.78 (d, J=21.6 Hz, 1H), 3.74 — 3.68 (m, 1H), 2.34 (s, 6H), 1.33 (t, /=7.2 Hz, 3H),
1.07 (t, J = 6.8 Hz, 3H); ¥*C NMR (100 MHz, CDCl3): § 162.7 (d, 'Je.r = 247.2 Hz), 132.3 (dd, 3Jcr =
8.3 Hz, ’Jc.p = 8.1 Hz), 128.5 (d, 2Jcp = 2.8 Hz), 115.2 (d, 2Jer = 21.1 Hz), 67.4 (d, 'Jc.p = 160.5 Hz),
62.7 (d, 2Je.p = 7.2 Hz), 62.6 (d, °Jc.p = 6.9 Hz), 43.8 (d, *Jcr = 9.4 Hz), 16.6 (d, ’Jc.p = 5.9 Hz), 16.3 (d,
3Jc.p = 5.6 Hz); *'P NMR (162 MHz, CDCl;): § 22.5; '°F NMR (376 MHz, CDCls): 5 -114.1; HRMS —
ESI (m/z): [M + Na]" called for C13HNOsNaP, 312.1135, found 312.1137.

(IDEt
O=P-OEt

N/

I
cl

Diethyl ((dimethylamino)(4-methoxyphenyl)methyl)phosphonate (3ia): colorless oil, 223 mg, 73%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:1 and 1%
Et;N); 'H NMR (400 MHz, CDCl5): 8 7.42 — 7.39 (m, 2H), 7.34 — 7.32 (m, 2H), 4.23 — 4.13 (m, 2H),
3.99 -3.89 (m, 1H), 3.78 — 3.68 (m, 2H), 2.34 (s, 6H), 1.33 (t, /= 7.2 Hz, 3H), 1.09 (t, /= 6.8 Hz, 3H);
3C NMR (150 MHz, CDCls): 6 134.1 (d,J = 1.9 Hz), 131.9 (d, J = 8.2 Hz), 131.4, 128.5, 67.7 (d, J =
160.5 Hz), 62.8 (d, J = 7.0 Hz), 62.6 (d, / = 6.9 Hz), 43.9 (d, J = 9.3 Hz), 16.6 (d, J = 5.5 Hz), 16.4 (d,
J=5.5Hz);3'PNMR (162 MHz, CDCls): § 22.2; HRMS — ESI (m/z): [M + H]" called for C13H2,NOsPCl,
306.1020, found 306.1019.
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(I)Et
O=P—-OEt

NC

Diethyl ((4-cyanophenyl)(dimethylamino)methyl)phosphonate (3ja): colorless oil, 173 mg, 59%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:1 and 1%
Et;N); 'H NMR (400 MHz, CDCls): 8 7.66 — 7.64 (m, 2H), 7.60 — 7.58 (m, 2H), 4.21 — 4.14 (m, 2H),
3.98 -3.91 (m, 1H), 3.83 —3.73 (m, 2H), 2.35 (s, 6H), 1.32 (t, J= 6.8 Hz, 3H), 1.10 (t, /= 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls): § 139.1, 132.0, 131.1 (d, J = 8.0 Hz), 118.7, 112.0 (d, J = 1.8 Hz), 68.2
(d, J=159.1 Hz), 62.9 (d, J = 7.1 Hz), 62.4 (d, J = 7.0 Hz), 43.9 (d, J = 9.2 Hz), 16.4 (d, J = 5.8 Hz),
16.2 (d, J = 5.5 Hz); 3P NMR (162 MHz, CDCls): § 21.3; HRMS — ESI (m/z): [M + H]* called for
C14H22N203P, 297.1363, found 297.1359.

QEt
O=P-OEt

N/

MeS |

Diethyl ((dimethylamino)(4-(methylthio)phenyl)methyl)phosphonate (3ka): colorless oil, 210 mg,
59% yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=8: 1 and
1% Et:N); 'TH NMR (400 MHz, CDCl3): 8 7.37 (d, J = 7.2 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.22 — 4.12
(m, 2H), 3.97 — 3.88 (m, 1H), 3.76 — 3.65 (m, 2H), 2.47 (s, 3H), 2.33 (s, 6H), 1.32 (t, /= 7.2 Hz, 3H),
1.06 (t, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCls):  138.5, 131.1, 131.0, 126.0, 67.8 (d, J = 160.2
Hz), 62.6 (t,J = 7.2 Hz), 43.9 (d, J = 9.3 Hz), 16.6 (d, J = 5.6 Hz), 16.4 (d, J = 5.6 Hz), 15.7; 3P NMR
(162 MHz, CDCl3): & 22.6; HRMS — ESI (m/z): [M + H]" called for C14H>sNOsSP, 318.1287, found
318.1284.

(I)Et
O=P—-OEt
S N~
\d
Diethyl ((dimethylamino)(thiophen-2-yl)methyl)phosphonate (31a): colorless oil, 160 mg, 58% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=3.5: 1 and 1% Et;N).
'H NMR (400 MHz, CDCl3): 4 7.29 (d, J = 5.2 Hz, 1H), 7.22 — 7.20 (m, 1H), 7.05 — 7.02 (m, 1H), 4.25
—4.14 (m, 3H), 4.06 — 3.96 (m, 1H), 3.89 — 3.79 (m, 1H), 2.38 (s, 6H), 1.34 (t, /= 7.2 Hz, 3H), 1.12 (4,
J =17.2 Hz, 3H); *C NMR (100 MHz, CDCl5): 4 132.9 (d, J = 6.6 Hz), 129.2 (d, J = 6.8 Hz), 127.0,
1259 (d, J=2.0 Hz, 1H), 63.1 (d, /=7.6 Hz), 62.7 (d, /= 7.1 Hz), 62.3 (d, J=165.1 Hz), 43.3 (d, J =
8.7 Hz), 16.6 (d, J = 5.5 Hz), 16.4 (d, J = 5.5 Hz); 3P NMR (162 MHz, CDCls): § 21.2; HRMS — ESI
(m/z): [M + H]" called for C,;H2;NO5PS, 278.0974, found 278.0974.
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(I)Et
O=P-OEt

~ N/
& |

Diethyl ((dimethylamino)(furan-2-yl)methyl)phosphonate (3ma): yellow oil, 144 mg, 55% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=3.5: 1 and 1% Et:N);
"H NMR (400 MHz, CDCl3): 4 7.42 (s, 1H), 6.49 (s, 1H), 6.37 (s, 1H), 4.23 — 4.16 (m, 2H), 4.08 — 4.01
(m, 2H), 3.98 — 3.89 (m, 1H), 2.35 (s, 6H), 1.33 (t, J = 7.6 Hz, 3H), 1.16 (t, J = 7.6 Hz, 3H); '*C NMR
(100 MHz, CDCl3): 6 147.1 (d, J=10.2), 142.8 (d, J=1.9), 111.5 (d, J =4.5), 110.5, 63.0 (d, J = 6.9),
62.6 (d, J = 6.8), 60.9 (d, J=166.5), 43.6 (d, J = 8.9), 16.6 (d, J = 5.6), 16.4 (d, J=5.5); *'P NMR (162
MHz, CDCl3): 6.20.5; HRMS — ESI (m/z): [M + Na]* called for C;H20NOsNaP, 248.1022, found
248.1024.

Diethyl ((dimethylamino)(pyridin-3-yl)methyl)phosphonate (3na): yellow oil, 106 mg, 39% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : CH;OH =20 : 1 and 1%
Et;N); '"H NMR (400 MHz, CDCl;): 6 8.57 — 8.56 (m, 2H), 7.95 (d, J = 8.0 Hz, 1H), 7.33 — 7.30 (m, 1H),
4.25-4.15 (m, 2H), 4.01 —3.91 (m, 1H), 3.86 —3.75 (m, 2H), 2.36 (s, 6H), 1.33 (t, /= 6.8 Hz, 3H), 1.09
(t,J=7.2 Hz, 3H); 3C NMR (175 MHz, CDCl;): 8 151.5 (d, J= 11.1 Hz), 149.5, 137.8 (d, J = 6.0 Hz),
128.8,123.2, 65.6 (d, J = 161.7 Hz), 63.0 (d, /= 7.0 Hz), 62.5 (d, /= 7.0 Hz), 43.8 (d, /= 8.9 Hz), 16.6
(d,J=5.8 Hz), 16.4 (d, J= 5.4 Hz); *'P NMR (162 MHz, CDCl5): 3 21.7; HRMS — ESI (m/z): [M + Na]*
called for C1,H21N,O3NaP, 295.1182, found 295.1182.

Diethyl ((dimethylamino)(ferrocenyl)methyl)phosphonate (30a): red oil, 250 mg, 58% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6: 1 and 1% Et:N);
'H NMR (400 MHz, CDCl3): § 4.44 (s, 1H), 4.21 — 4.12 (m, 12H), 3.90 (d, J = 22.4 Hz, 1H), 2.27 (s,
6H), 1.40 — 1.32 (m, 6H); *C NMR (100 MHz, CDCl5): § 69.6 (d, J = 1.8 Hz), 69.3, 68.7 (d, J = 16.3
Hz), 67.7, 67.5, 63.0 (d, J= 7.3 Hz), 62.8 (d, J = 158.5 Hz), 61.4 (d, /= 7.5 Hz), 43.1 (d, /= 7.0 Hz),
16.7 (d, J= 5.7 Hz), 16.6 (d, J = 5.8 Hz); *'P NMR (162 MHz, CDCl3): § 23.2; HRMS — ESI (m/z): [M
+ Na]" called for Ci7H,sNOsNaPFe, 402.0892, found 402.0893.
(I)Et
O=P-OEt

N/

I
Diethyl (1-(dimethylamino)hexyl)phosphonate (3pa): colorless oil, 204 mg, 77% yield. Purification:
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flash column chromatography (100 — 200 mesh silica gel, DCM : EA = 6 : 1 and 1% Et;N); 'H NMR
(500 MHz, CDCl3): 6 4.13 — 4.07 (m, 4H), 2.83 — 2.75 (m, 1H), 2.455 (s, 3H), 2.450 (s, 3H),1.68 —1.60
(m, 2H), 1.49 — 1.45 (m, 1H), 1.35—1.24 (m, 11H), 0.87 (t, J=8.5 Hz, 3H); *C NMR (126 MHz, CDCl5):
8 62.1(d,J=137.0 Hz), 61.7 (d, /= 8.6 Hz), 61.1 (d, J= 7.6 Hz), 42.3 (d, J=4.2 Hz), 31.8,27.3 (d, J
=11.8 Hz), 26.9 (d, J= 5.7 Hz), 22.6, 16.71, 16.70 (d, J = 12.0 Hz), 14.1; 3'P NMR (202 MHz, CDCl;):
8 29.8; HRMS — ESI (m/z): [M + Na]* called for C1,H,sNO3NaP, 288.1699, found 288.1701.

(I)Et
O=P-OEt

N/

I
Diethyl (cyclopropyl(dimethylamino)methyl)phosphonate (3qa): colorless oil, 182 mg, 77% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : CH;OH =20 : 1 and 1%
Et;N); 'H NMR (400 MHz, CDCl3): 5 4.18 —4.11 (m, 4H), 2.52 (s, 6H), 2.04 (dd, J= 18.8, 10.8 Hz, 1H),
1.32 (t, J= 6.8, 6H), 1.16 — 1.05 (m, 1H), 0.69 — 0.60 (m, 2H), 0.36 — 0.34 (m, 2H); '*C NMR (100 MHz,
CDCl3): 6 67.6 (d, J=149.9 Hz), 62.0 (d, /J="7.2 Hz), 61.3 (d, /J="7.2 Hz), 43.1 (d, /= 6.8 Hz), 16.6 (d,
J=23Hz), 165 (d,J =24 Hz), 6.9 (d, J = 6.9 Hz), 5.5 (d, J = 16.2 Hz), 3.4; *'P NMR (162 MHz,
CDCl): 8 26.0; HRMS — ESI (m/z): [M + Na]* called for C10H22NO3NaP, 258.1230, found 258.1231.

QEt
O=P-OEt

: T)
Diethyl ((benzyl(methyl)amino)(phenyl)methyl)phosphonate (3ra)': colorless oil, 259 mg, 75% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, PE: DCM : EA=5:1:1and 1%
EtsN); 'TH NMR (400 MHz, CDCls): 8 7.50 — 7.48 (m, 2H), 7.39 — 7.23 (m, 8H), 4.30 — 4.16 (m, 2H),
4.05 (d, J=24.0 Hz, 1H), 3.94 — 3.88 (m, 1H), 3.84 (d, /= 13.2 Hz, 1H), 3.75 - 3.65 (m, 1H), 3.39 (d, J
= 13.2 Hz, 1H), 2.41 (s, 3H), 1.37 (t, J = 6.8 Hz, 3H), 1.02 (t, J = 7.2 Hz, 3H); '3*C NMR (100 MHz,
CDCl3): 6 139.1, 132.1 (d,J=4.2 Hz), 130.9 (d, /= 8.6 Hz), 129.0, 128.4, 128.2, 128.1 (d, J = 1.4 Hz),

127.2,65.0 (d, J= 160.9 Hz), 62.7 (d, J= 7.1 Hz), 62.3 (d, J= 7.0 Hz), 59.9 (d, J = 12.5 Hz), 40.0 (d, J
=5.2Hz), 16.7 (d, J=6.1 Hz), 16.3 (d, J = 5.6 Hz); *'P NMR (162 MHz, CDCLs): § 23.1.

CI)Et
O=P-OEt

D

Diethyl (phenyl(pyrrolidin-1-yl)methyl)phosphonate (3sa)*: colorless oil, 166 mg, 56% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6: 1 and 1% Et;N).
'H NMR (400 MHz, CDCls): § 7.49 — 7.46 (m, 2H), 7.35 — 7.28 (m, 3H), 4.16 — 4.03 (m, 2H), 3.95 —
3.85 (m, 1H), 3.76 (d, J=15.6 Hz, 1H), 3.64 — 3.54 (m, 1H), 2.68 — 2.62 (m, 4H), 1.77— 1.70 (m, 4H),
1.29 (t,J = 6.4 Hz, 3H), 1.06 (t, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl5): § 135.2,130.0 (d, J=7.3
Hz), 128.2 (d, J=1.7 Hz), 127.9 (d, J= 2.5 Hz), 67.6 (d, /= 157.2 Hz), 62.7 (d, J= 7.0 Hz), 62.1 (d, J
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= 7.4 Hz), 53.0 (d, J = 8.8 Hz), 23.3, 16.4 (d, J = 5.8 Hz), 16.2 (d, J = 5.7 Hz); *'P NMR (162 MHz,
CDCL): § 22.9.

(I)Et
O=P-OEt

0

Diethyl (phenyl(piperidin-1-yl)methyl)phosphonate (3ta)!: colorless oil, 220 mg, 71% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, PE : DCM : EA=3.5:1:1 and
1% Et:N); 'H NMR (400 MHz, CDCl3): 8 7.47 — 7.44 (m, 2H), 7.35 - 7.29 (m, 3H), 4.33 —4.17 (m, 2H),
3.96 —3.84 (m, 2H), 3.77 - 3.67 (m, 1H), 2.83 — 2.77 (m, 2H), 2.40 — 2.34 (m, 2H), 1.58 — 1.51 (m, 4H),
1.35 (t, J = 6.8 Hz, 3H), 1.31 — 1.27 (m, 2H), 1.03 (t, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl5): §
132.6 (d, J=3.5 Hz), 130.6 (d, /=9.1 Hz), 128.0, 127.9 (d, /= 1.4 Hz), 68.9 (d, J = 160.8 Hz), 63.2 (d,
J=17.0Hz), 62.1 (d, J= 6.9 Hz), 52.6 (d, J=9.1 Hz), 26.5, 24.1, 16.6 (d, /= 5.9 Hz), 16.2 (d, /= 5.7
Hz); *'P NMR (162 MHz, CDCls): § 22.4.

(I)Et
O=P-OEt

)

Diethyl (morpholino(phenyl)methyl)phosphonate (3ua)': colorless oil, 247 mg, 73% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=5: 1 and 1% Et;N).
!H NMR (400 MHz, CDCls): § 7.46 — 7.43 (m, 2H), 7.36 — 7.28 (m, 3H), 4.26 — 4.14 (m, 2H), 3.93 -
3.87 (m, 1H), 3.80 (d, J = 21.2 Hz, 1H), 3.70 — 3.60 (m, 5H), 2.82 — 2.77 (m, 2H), 2.54 — 2.50 (m, 2H),
1.33 (t,J=7.2 Hz, 3H), 1.03 (t, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCl3): 5 132.5, 130.6 (d, J=8.4
Hz), 128.4,128.3 (d, J = 1.7 Hz), 68.7 (d, J = 159.9 Hz), 67.3, 63.0 (d, J = 7.1 Hz), 62.5 (d, J = 7.1 Hz),
52.0 (d, J=9.2 Hz), 16.7 (d, J = 5.9 Hz), 16.3 (d, J = 5.6 Hz); 3P NMR (162 MHz, CDCls): § 21.8.

?Et
O=P-OEt

N/

Diethyl (2-methyl-1,2,3,4-tetrahydroisoquinolin-1-yl)phosphonate (3va): pale yellow oil, 220 mg, 78%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, PE: DCM : EA=1:1:1
and 1% Et;:N); '"H NMR (400 MHz, CDCl5): 8 7.34 — 7.31 (m, 1H), 7.17 — 7.14 (m, 2H), 7.11 — 7.09 (m,
1H), 4.09 — 3.88 (m, 5H), 3.45 — 3.39 (m, 1H), 2.86 — 2.81 (m, 2H), 2.66 —2.61 (m, 4H), 1.27 (t,J=7.2
Hz, 3H), 1.19 (t,J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): § 136.4 (d, J= 6.2 Hz), 129.8 (d,J=3.5
Hz), 129.1 (d, J=4.7 Hz), 128.5 (d, J= 3.4 Hz), 126.9 (d, J=4.3 Hz), 125.7 (d, J=3.8 Hz), 629 (d, J
=17.7 Hz), 62.6 (d, /= 161.8 Hz), 62.5 (d, J = 7.9 Hz), 49.4 (d, /= 5.0 Hz), 45.0 (d, /= 9.7 Hz), 26.9,
16.5(d, J=4.1 Hz), 16.4 (d, J = 3.9 Hz); *'P NMR (162 MHz, CDCls): § 23.1; HRMS — ESI (m/z): [M
+ Na]* called for C14H,2NOsNaP, 306.1230, found 306.1228.
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QEt
O=P-OEt

NRN

~
Diethyl ((diethylamino)(phenyl)methyl)phosphonate (3wa)3: colorless oil, 142 mg, 47% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, PE: DCM : EA=8:1:1and 1%
Et;N); 'H NMR (400 MHz, CDCls): 8 7.47 — 7.45 (m, 2H), 7.34 — 7.27 (m, 3H), 4.27 — 4.19 (m, 2H),
4.16 (d, J=24.8 Hz, 1H), 3.97 - 3.87 (m, 1H), 3.79 — 3.69 (m, 1H), 3.03 — 2.94 (m, 2H), 2.34 — 2.26 (m,
2H), 1.33 (t, J= 7.2 Hz, 3H), 1.04 (t, J = 6.8 Hz, 9H); 1*C NMR (100 MHz, CDCl3): § 133.6 (d, J = 5.1
Hz), 130.7 (d, /= 8.9 Hz), 128.1, 127.8 (d, /= 1.4 Hz), 63.2 (d, /= 6.9 Hz), 62.2 (d, J=162.1 Hz), 62.0

(d,J=7.2Hz),44.9 (d, J= 8.4 Hz), 16.6 (d,J= 6.0 Hz), 16.3 (d, J= 5.7 Hz), 13.4; P NMR (162 MHz,
CDCls): § 23.6.

Cl)Me
O=P-OMe

N/

Dimethyl ((dimethylamino)(phenyl)methyl)phosphonate (3ab)*: colorless oil, 187 mg, 78% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=3.5: 1 and 1% Et;N).
!H NMR (400 MHz, CDCls): 8 7.47 — 7.44 (m, 2H), 7.38 — 7.32 (m, 3H), 3.82 (d, J = 22.0 Hz, 1H), 3.81
(d, J = 10.8 Hz, 3H), 3.44 (d, J = 10.4 Hz, 3H), 2.35 (s, 6H); **C NMR (100 MHz, CDCls): 5 132.1,
130.7 (d, J =8.6 Hz), 128.4, 128.3 (d, J =1.6 Hz), 68.0 (d, J =160.6 Hz), 53.3 (d, J = 7.2 Hz), 43.8 (d, J
= 9.7 Hz); 3'P NMR (162 MHz, CDCls):  25.0.

Oi-Pr
0=P-Oi-Pr

N/

Diisopropyl ((dimethylamino)(phenyl)methyl)phosphonate (3ac): colorless oil, 212 mg, 71%
yield.Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=6:1 and 1%
EtsN); 'H NMR (400 MHz, CDCl5): § 7.44 — 7.41 (m, 2H), 7.33 — 7.27 (m, 3H), 4.79 — 4.71 (m, 1H),
4.46 — 4.38 (m, 1H), 3.70 (d, J = 22.0 Hz, 1H), 2.32 (s, 6H), 1.32 — 1.29 (m, 6H), 1.17 (d, /= 6.0 Hz,
3H), 0.79 (d, J = 6.4 Hz, 3H); '3C NMR (100 MHz, CDCl3): 8 132.9 (d, J = 2.4 Hz), 130.7 (d, J = 8.6
Hz), 128.0, 127.9 (d, J= 1.5 Hz), 71.0 (d, /= 7.2 Hz), 70.9 (d, /= 7.2 Hz), 68.6 (d, /= 161.8 Hz), 43.9
(d, J=9.5Hz),24.4 (d,J=2.5 Hz), 24.3 (d, J = 3.1 Hz), 23.9 (d, J = 5.3 Hz), 23.1 (d, J = 5.9 Hz); *'P
NMR (162 MHz, CDCls): § 21.2; HRMS — ESI (m/z): [M + Na]" called for CisH2sNO3NaP, 322.1543,
found 322.1540.
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(IDBn
O=P-0Bn

N/

Dibenzyl ((dimethylamino)(phenyl)methyl)phosphonate (3ad): pale yellow oil, 289 mg, 73% yield.
Purification: flash column chromatography (100 — 200 mesh silica gel, PE: DCM : EA=4:1:1and 1%
Et;N); 'TH NMR (400 MHz, CDCls): 8 7.48 — 7.45 (m, 2H), 7.36 — 7.31 (m, 8H), 7.23 — 7.20 (m, 3H),
7.04 —7.01 (m, 2H), 5.18 — 5.06 (m, 2H), 4.85 —4.80 (m, 1H), 4.56 —4.51 (m, 1H), 3.88 (d, /= 21.6 Hz,
1H), 2.37 (s, 6H); 3C NMR (100 MHz, CDCl5): § 136.7 (d, J = 6.1 Hz), 136.3 (d, J = 6.1 Hz), 132.3 (d,
J=1.8 Hz), 130.6 (d, J = 8.6 Hz), 128.5, 128.34, 128.26, 128.21, 128.15 (d, /= 1.7 Hz), 128.1, 127.9,
127.7, 68.5 (d, J = 159.7 Hz), 68.0 (d, J= 7.0 Hz), 67.7 (d, J = 6.9 Hz), 43.9 (d, J = 9.6 Hz); *'P NMR
(162 MHz, CDCls): 4 23.6; HRMS — ESI (m/z): [M + H]' called for C23H27NOsP, 396.1723, found
396.1722.

O,N O,N
Q
0=P-0 i:j
~

Dis(2-nitrobenzyl) ((dimethylamino)(phenyl)methyl)phosphonate (3ae): yellow oil, 382 mg, 67%
yield. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM : EA=20:1 and 1%
EtsN); 'TH NMR (400 MHz, CDCls): 6 8.11 (d, J = 8.4, 1H), 8.00 (d, J = 8.4, 1H), 7.78 (d, J = 8.4 Hz,
1H), 7.66 (t,J=17.6, 1H), 7.50 — 7.34 (m, 8H), 7.20 (d, J="7.6 Hz, 1H), 5.71 — 5.57 (m, 2H), 5.33 - 5.14
(m, 2H), 4.05 (d, J = 22.8 Hz, 1H), 2.36 (s, 6H); '3C NMR (100 MHz, CDCl3): § 146.8, 146.4, 133.9,
133.8, 133.2 (d, /= 6.2 Hz), 132.8 (d, /= 6.0 Hz), 130.9 (d, /= 3.0 Hz), 130.6 (d, J=9.1 Hz), 128.65,
128.60, 128.41, 128.39, 128.3, 128.1, 124.8, 124.7, 68.0 (d, J = 162.4 Hz), 65.2 (d, J= 6.0 Hz), 64.2 (d,
J=6.0 Hz), 43.5 (d, J = 9.9 Hz); *'P NMR (162 MHz, CDCl;): § 23.5; HRMS — ESI (m/z): [M + H]*
called for C23H25N307P, 486.1425, found 486.1429.

((Dimethylamino)(phenyl)methyl)dihexylphosphine oxide (3ag): colorless oil, 203 mg, 66% yield.
Purification: flash column chromatography (200 — 300 mesh basic aluminum oxide, DCM : EA=5:1
and 1% EtN); 'H NMR (500 MHz, CDCl5): § 7.47 — 7.46 (m, 2H), 7.38 — 7.32 (m, 3H), 3.42 (d, J=10.5
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Hz, 1H), 2.33 (s, 6H), 2.02 — 1.79 (m, 2H), 1.63 — 1.11 (m, 18H), 0.89 (t, J= 6.5 Hz, 3H), 0.80 (t, /= 6.5
Hz, 3H); '*C NMR (100 MHz, CDCls): 6 131.3, 131.2, 128.3, 128.2, 68.3 (d, J = 78.0 Hz), 43.9 (d, J =
6.9 Hz), 31.4,31.2,31.0 (d, /= 14.0 Hz), 30.7 (d, /= 13.4 Hz), 27.0 (d, J = 34.1 Hz), 26.4 (d, J = 30.1
Hz), 22.5,22.4,22.3 (d, J = 3.4 Hz), 21.8 (d, J = 3.7 Hz), 14.1, 14.0; 3'P NMR (202 MHz, CDCL): &
50.9; HRMS — ESI (m/z): [M + H]" called for C2;H39sNOP, 352.2764, found 352.2765.

+O

'Tl/

Dicyclohexyl((dimethylamino)(phenyl)methyl)phosphine oxide (3ah): white solid, 203 mg, 58%
yield, mp: 177 — 179 °C. Purification: flash column chromatography (100 — 200 mesh silica gel, DCM :
EA=38:1 and 1% Et:N); 'H NMR (500 MHz, CDCl3): § 7.52 — 7.50 (m, 2H), 7.38 — 7.33 (m, 3H), 3.62
(d, J=9.5 Hz, 1H), 2.30 (s, 6H), 2.24 — 2.05 (m, 3H), 1.88 — 1.48 (m, 11H), 1.36 — 1.25 (m, 3H), 1.12 -
0.86 (m, SH); 3C NMR (126 MHz, CDCls): § 131.8 (d, /= 6.8 Hz), 130.8 (d, J= 2.1 Hz), 128.02, 127.98,
64.2 (d, J=75.0Hz),43.3 (d,/="7.1 Hz), 37.9 (d, J=22.7 Hz), 37.5 (d, J = 26.7 Hz), 27.5 (d, J=12.0
Hz),27.3 (d,J=12.0 Hz), 27.11, 27.05 (d, /= 9.5 Hz), 26.93 (d, J= 4.3 Hz), 26.87 (d, /= 4.4 Hz), 26.7
(d,J=2.8 Hz),26.5,26.2 (d,J=2.9 Hz), 26.1; 3'P NMR (202 MHz, CDCl3): § 50.9; HRMS — ESI (m/z):
[M + H]" called for CH3sNOP, 348.2451, found 348.2454.

’Tl/

((Dimethylamino)(phenyl)methyl)diphenylphosphine oxide (3aj): white solid, 252 mg, 84% yield,
mp: 182 — 183 °C. Purification: flash column chromatography (100 — 200 mesh silica gel, PE : DCM :
EA=1:1:2,10% DCM and 1% Et;N); 'H NMR (400 MHz, CDCl3):  7.97 — 7.92 (m, 2H), 7.53 — 7.44
(m, 7H), 7.30 — 7.28 (m, 1H), 7.24 — 7.21 (m, 5H), 4.31 (d, J = 10.6 Hz, 1H), 2.38 (s, 6H); '*C NMR
(126 MHz, CDCl3): 6 133.4 (d, /= 65.0 Hz), 132.7 (d, J=61.2 Hz), 131.6 (d, /= 8.6 Hz), 131.52 (d, J
= 2.4 Hz), 131.50 (d, J = 7.7 Hz), 131.3 (d, J = 8.6 Hz), 131.1 (d, J = 2.9 Hz), 130.8 (d, J = 2.9 Hz),
128.4 (d,J=11.5Hz), 128.1 (d, /= 11.3 Hz), 127.94, 127.89, 69.0 (d, /= 87.6 Hz), 43.8 (d, /= 7.6 Hz);
3IPNMR (162 MHz, CDCls): 3 30.8; HRMS — ESI (m/z): [M + Na]" called for C21H,2NONaP, 358.1331,
found 358.1332.

LOr

’Tl/
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((Dimethylamino)(phenyl)methyl)di-p-tolylphosphine oxide (3ak): white solid, 280 mg, 71 % yield,
mp: 150 — 151 °C. Purification: flash column chromatography (100 — 200 mesh silica gel) PE : DCM :
EA=2:1:1,10% DCM and 1% Et:N); 'H NMR (400 MHz, CDCl3): & 7.84 — 7.79 (m, 2H), 7.48 — 7.45
(m, 2H), 7.39 — 7.35 (m, 2H), 7.30 — 7.27 (m, 2H), 7.24 — 7.22 (m, 3H), 7.02 — 6.99 (m, 2H), 4.27 (d, J
=10.8 Hz, 1H), 2.40 (s, 3H), 2.37 (s, 6H), 2.23 (s, 3H); *C NMR (100 MHz, CDCl3): § 141.8, 141.4,
131.6,131.5 (d, J=2.0 Hz), 131.1 (d, J=8.9 Hz), 131.0, 130.5 (d, J =44.9 Hz), 129.5 (d, /= 41.2 Hz),
129.2 (d, J=11.8 Hz), 128.9 (d, J=11.4 Hz), 127.9, 127.8, 69.1 (d, J = 86.8 Hz), 43.8 (d, J= 7.6 Hz),
21.6 (d, J = 19.8 Hz); *'P NMR (162 MHz, CDCl;): § 31.1; HRMS — ESI (m/z): [M + Na]" called for
C23H26NONaP, 386.1644, found 386.1653.

OMe

OMe
Oo=P

'Tl/

((Dimethylamino)(phenyl)methyl)bis(4-methoxyphenyl)phosphine oxide (3al): white solid, 293 mg,
76% yield, mp: 157 — 159 °C; Purification: flash column chromatography (100 — 200 mesh silica gel
DCM : EA=4: 1 and 1% Et;N); 'H NMR (400 MHz, CDCl3): § 7.86 — 7.81 (m, 2H), 7.44 — 7.36 (m,
4H), 7.23 —7.21 (m, 3H), 7.0 (d, J= 6.4 Hz, 2H), 6.7 (d, J = 6.4 Hz, 2H), 4.20 (d, /= 10.8 Hz, 1H), 3.83
(s, 3H), 3.69 (s, 3H), 2.36 (s, 6H); '3C NMR (100 MHz, CDCls): § 162.1 (d, J = 2.8 Hz), 161.7 (d, J =
2.8 Hz), 133.4 (d, J=9.6 Hz), 133.0 (d, /=9.8 Hz), 131.5 (d, /= 7.3 Hz), 131.1, 127.9, 127.8, 125.0 (d,
J=39.9 Hz), 124.0 (d, J=36.5 Hz), 114.0 (d, J=12.3 Hz), 113.7 (d, /= 12.1 Hz), 69.5 (d, /= 87.0 Hz),
55.3(d,J=15.4 Hz), 43.7 (d, J= 7.5 Hz); *'P NMR (162 MHz, CDCl5): § 31.0; HRMS — ESI (m/z): [M
+ Na]" called for C23H2sNOsNaP, 418.1543, found 418.1544.

Cl

cl
0=P

’\ll/

Bis(4-chlorophenyl)((dimethylamino)(phenyl)methyl)phosphine oxide (3am): white solid, 327 mg,
81% yield, mp: 139 — 140 °C. Purification: flash column chromatography (100-200 mesh silica gel, PE :
DCM:EA=5:1:1,10% DCM and 1% EtzN); '"H NMR (400 MHz, CDCl3): § 7.88 — 7.83 (m, 2H),
7.49 —7.39 (m, 6H), 7.27 — 7.20 (m, 5H), 4.25 (d, J = 10.8 Hz, 1H), 2.37 (s, 6H); *C NMR (100 MHz,
CDCl3): 6 138.4 (d, J=3.4 Hz), 138.0 (d, /=3.4 Hz), 133.0 (d, /=9.2 Hz), 132.5 (d, /= 9.2 Hz), 131.6
(d, /=469 Hz), 131.4 (d,J= 7.7 Hz), 130.7 (d, /= 44.2 Hz), 130.1, 128.9 (d, /= 12.0 Hz), 128.7 (d, J
=11.7 Hz), 128.3, 128.2, 69.1 (d, J = 88.5 Hz), 43.7 (d, J= 7.7 Hz); *'P NMR (162 MHz, CDCl3): § 29.8;
HRMS — ESI (m/z): [M + Na] called for C2;H20NONaPCl,, 426.0552, found 426.0560.
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CF3

CF4
0=P

'\ll/

((Dimethylamino)(phenyl)methyl)bis(4-(trifluoromethyl)phenyl)phosphine oxide (3an): white solid,
314 mg, 67% yield, mp: 46 —47 °C. Purification: flash column chromatography (200 — 300 mesh basic
aluminum oxide, PE : DCM : EA=6:1: 1 and 1% EtN); '"H NMR (500 MHz, CDCl;): § 8.08 — 8.05
(m, 2H), 7.78 — 7.76 (m, 2H), 7.65 — 7.62 (m, 2H), 7.51 — 7.46 (m, 4H), 7.28 — 7.27 (m, 3H), 4.35 (d, J
= 11.0 Hz, 1H), 2.38 (s, 6H); *C NMR (100 MHz, CDCl5): § 136.8 (q, Jc.r = 43.8 Hz), 133.9 — 133.2
(m, 1C), 132.0 (d, Jc.r = 8.7 Hz), 131.6 (d, Jc.p = 8.8 Hz), 131.4 (d, Jc.p = 7.9 Hz), 129.6 (d, Jc.p = 3.2
Hz), 128.5, 128.4, 125.6 — 125.1 (m, 3C), 125.0 (dq, 'Jc.r=248.5 Hz, °Jc.p = 22.5), 68.8 (d, 'Jcp = 88.9
Hz), 43.7 (d, *Jc.r = 7.7 Hz); *'P NMR (202 MHz, CDCl;): § 28.9; '°F NMR (376 MHz, CDCl5): § -63.2,
-63.3; HRMS — ESI (m/z): [M + H]" called for C,3H2NOF4P, 472.1259, found 472.1265.

Y

'Tl/

((Dimethylamino)(phenyl)methyl)di(naphthalen-2-yl)phosphine oxide (3a0): white solid, 261 mg,
55% yield, mp: 192 — 193 °C. Purification: flash column chromatography (100 — 200 mesh silica gel,
PE:DCM:EA=3:1:1,10% DCM and 1% Et:N); '"H NMR (400 MHz, CDCl5):8 8.62 (d, J = 12.8
Hz, 1H), 8.20 (d, J = 12.4 Hz, 1H), 7.96 — 7.87 (m, 4H), 7.76 — 7.65 (m, 3H), 7.60 — 7.42 (m, 7H), 7.25
—7.18 (m, 3H), 4.56 (d, J= 10.8 Hz, 1H), 2.44 (s, 6H); *C NMR (100 MHz, CDCl5):  134.7 (d,J=2.5
Hz), 134.3 (d, J=2.4 Hz), 133.6 (d, J="7.8 Hz), 133.3 (d, J="7.7 Hz), 132.8 (d, /= 12.6 Hz), 132.4 (d,
J=12.1Hz), 131.6, 131.5, 130.8 (d, J=49.5 Hz), 130.7 (d, J=2.9 Hz), 129.9 (d, J = 45.2 Hz), 129.08,
128.87, 128.1, 128.04, 128.02, 127.98, 127.94, 127.86, 127.84, 127.7, 126.7 (d, J = 12.0 Hz), 126.6 (d,
J=9.4Hz), 1259 (d, J = 9.6 Hz), 68.9 (d, J = 87.3 Hz), 43.8 (d, J = 7.6 Hz); 3'P NMR (162 MHz,
CDCl3): 6 31.2; HRMS — ESI (m/z): [M + Na]* called for C20H,6NONaP, 458.1644, found 458.1643.

5. Synthesis and Characterization of Reactants

5.1 General Synthesis Procedure for phosphine oxide

HPO(OEt), (1.0 equiv) o
R-MgBr » R-P-R
THF, 0°Ctor.t. &

Method A: To a solution of Grignard reagent (0.5 M, 40 mmol, 4.0 equiv) in THF (80.0 mL), under

nitrogen and cooled in an ice-bath, was added a solution of HPO(OEt), (10 mmol, 1.0 equiv) in

S16



THF (8.0 mL) dropwise at a rate to maintain temperature between 0 ~ 10 °C. The reaction was
allowed to stir at room temperature for 12 h. The reaction mixture was quenched with 1 M HCI and
extracted with EA. The combined organic layers were washed with brine, dried over anhydrous
NaxSO4, filtered, concentrated and purified with silica gel column chromatography
(PE/DCM/EtOAC).

Method B°: A dry 500 mL 3-neck round containing a magnetic stir bar was charged with Phosphorus
trichloride (2.75 g, 20 mmol) and toluene (120 mL). The addition funnel was charged with 2- nitrobenzyl
alcohol (6.126 g, 40 mmol), toluene (40 mL), and N,N-dimethylaniline (4.85 g, 40 mmol). The mixture
in the addition funnel was heated via a heat gun until homogeneous. This solution was added to the pot
in small portions over 30 min, re-heating as necessary. After 1 h, 2-nitrobenzyl alcohol (3.06 g, 20 mmol)
in warm toluene (40 mL) was added to the reaction over 15 min via the addition funnel. The reaction
vessel was wrapped with aluminum foil to exclude light. After 12 h, the reaction mixture was washed
with deionized water (3 x 50 mL), an aqueous solution of ammonia (5 M, 2 x 50 mL), deionized water
(2 x 50 mL), and brine (50 mL). The organic solution was dried over anhydrous sodium sulfate, filtered,

and concentrated in vacuo. Products were prepared by recrystallization with toluene.

5.2 Characterization of the Compounds

NO, 0 NO,
/P\
SALAS

Bis(2-nitrobenzyl) phosphonate (2¢)’: prepared by method B, white solid, 3.12 g, 44% yield, mp: 91 —
93 °C. 'H NMR (400 MHz, CDCl5): § 8.15 (d, J = 8.4 Hz, 2H), 7.77 — 7.68 (m, 4H), 7.55 - 7.51 (m, 2H),
7.17 (d, J=716.0 Hz, 1H), 5.64 — 5.51 (m, 4H); 3C NMR (150 MHz, CDCl;): § 146.8, 134.3, 131.9 (d,
J=17.6Hz),129.2,128.7,125.2, 64.2 (d, J=4.3 Hz); *'P NMR (162 MHz, CDCl5): § 8.1.

H

/\/V\P\/W
/I

o)

Dihexylphosphine oxide (2g)%: prepared by method A, white solid, 1.92 g, 59% yield, mp: 69 — 70 °C.
Purification: flash column chromatography (100 — 200 mesh silica gel, EA: DCM: PE=2:1:1and 1%
Et;N); 'H NMR (400 MHz, CDCl5): 8 6.83 (d, J = 445.2 Hz, 1H), 1.82 — 1.56 (m, 8H), 1.42 — 1.38 (m,
4H), 1.30 — 1.27 (m, 8H), 0.87 (t, J = 6.8 Hz, 6H); 3C NMR (100 MHz, CDCl3): § 30.9, 30.0 (d, J =
13.2 Hz), 27.9 (d, J= 64.6 Hz), 22.0, 21.4 (d, J= 3.7 Hz), 13.6; 3'P NMR (162 MHz, CDCl3): 5 34.6.

Di-p-tolylphosphine oxide (2k)’: prepared by method A, yellow solid, 2.42 g, 70% yield, mp: 96 —
S17



97 °C. Purification: flash column chromatography (100 — 200 mesh silica gel, PE: EA=1:1, 10% DCM
and 1% Et;N); '"H NMR (400 MHz, CDCl;): § 8.02 (d, J = 478.4 Hz, 1H), § 7.59 — 7.54 (m, 4H), 7.30-
7.27 (m, 4H), 2.39 (s, 6H); *C NMR (100 MHz, CDCl;): § 143.2 (d, J=2.8 Hz), 130.8 (d, /= 11.8 Hz),
129.7 (d,J=13.2 Hz), 128.4 (d, J=103.2 Hz), 21.7 (d, /= 1.3 Hz); 'P NMR (162 MHz, CDCl;): § 21.7.

Bis(4-(trifluoromethyl)phenyl)phosphine oxide (2n)’: prepared by method A, yellow solid, 1.78 g, 50%
yield, mp: 58 — 59 °C. Purification: flash column chromatography (100 — 200 mesh silica gel, PE : EA :
DCM=2.5:1:1and 1% Et;N); 'H NMR (400 MHz, CDCl;): 6 8.20 (d, J=491.2 Hz, 1H), 7.89 — 7.78
(m, 8H); *C NMR (100 MHz, CDCls): 8 134.9 (q, J°c.- =32.5 Hz), 131.3 (d, Jc.p = 11.9 Hz), 126.1 (dq,
Fep=13.0 Hz, Pcr=3.7 Hz), 123.4 (q, J'c.r = 271.0 Hz); 3'P NMR (162 MHz, CDCls): § 17.9; '°F
NMR (376 MHz, CDCl3): 8 -63.3.

O

C 0

Di(naphthalen-2-yl)phosphine oxide (20)®: prepared by method A, yellow solid, 0.81g, 25% yield, mp:
98 — 99 °C; Purification: flash column chromatography (100 — 200 mesh silica gel, PE : EA=1.5:1,
10% DCM and 1% Et;:N); 'H NMR (400 MHz, CDCls): 8.39 (d, J = 15.6 Hz, 2H), & 8.35 (d, J = 481.2
Hz, 1H), 7.94 —7.86 (m, 6H), 7.66 — 7.55 (m, 6H); *C NMR (100 MHz, CDCls): 8 135.2 (d, J = 2.5 Hz),
133.0 (d, /= 10.9 Hz), 132.6 (d, J = 14.1 Hz), 129.1, 129.0, 128.9, 128.6, 128.1, 127.3, 125.3 (d, J =
12.4 Hz); 3'P NMR (162 MHz, CDCls): § 21.7.
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